Collagen synthesis is increased in the aortas, mesenteric arteries, and to a lesser extent, in the hearts of rats either made hypertensive with desoxycorticosterone acetate-salt or that are spontaneously hypertensive. Several markers of collagen biosynthesis were shown to be increased, including prolyl hydroxylase (EC 1.14.11.2; proline, 2-oxoglutarate dioxygenase), prolyl hydroxylaserelated antigen, total collagen content, and the incorporation of [3Hiproline into total protein and into collagen.
The long-term effects of hypertension and atherosclerosis are similar in that both diseases result in a form of vascular wall fibrosis (1) (2) (3) (4) . Although the anatomic consequences of hypertension involve arterioles primarily, the aorta and other large arteries become dilated with fragmented elastic laminas and increased collagen (5) . Since these are age-related changes associated with susceptibility to atherosclerosis, these changes alone may provide an explanation for the well-documented relationship between hypertension and atherosclerosis (5, 6) .
Recently, workers in several laboratories have reported increased biosynthesis of collagen in experimental atherosclerosis (3, 7, 8) . The availability in this laboratory of methods for measuring a number of markers of collagen biosynthesis has made it possible to determine the effects of hypertension on collagen biosynthesis in blood vessels. We have found that the mesenteric artery and aorta of hypertensive rats, even in the absence of vascular lesions, exhibit a severalfold increase in the formation of collagen chains and in the enzyme prolyl hydroxylase (EC 1.14.11.2; proline, 2-oxoglutarate dioxygenase). These two markers of collagen biosynthesis were decreased towards normal values by antihypertensive agents concomitant with the decrease in blood pressure.
Materials and Methods. Desoxycorticosterone acetate was purchased from Nutritional Biochemicals Corp.; reserpine and chlorothiazide were from the Sigma Chemical Co. and Merck and Co., respectively. Bacterial collagenase, free of nonspecific proteases, was obtained from Advance Biofactures, Lynbrook, N. Y.
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Desoxycorticosterone acetate-salt hypertension (9,_ 10) was produced in uninephrectomized, 8-week-old, male Wistar rats by twice-weekly subcutaneous injection of DOCA (5 mg/kg).
Rats were maintained on a standard laboratory diet and allowed free access to 1% NaCl drinking water. Normotensive controls were intact, male Wistar rats maintained on a standard laboratory diet and water. Spontaneously hypertensive rats were selected from the available males of uniform age generated by the Hoffmann-La Roche colony described (11, 12) . Normotensive controls for these spontaneously hypertensive rats were genetically related Wistar-Kyoto male rats, whose breeding stock was obtained from Dr. Carl T. Hansen, Genetics Unit, Animal Production Section, N.I.H., Bethesda, Md. Blood pressure was monitored at least twice weekly by the tail cuff microphone method, with an instrument made by F. Hoffmann-La Roche & Co., Ltd., Basle, Switzerland.
Each rat was killed by decapitation. The entire aorta, mesenteric artery, and heart were excised, and perivascular adipose tissue was carefully removed. Homogenates of arterial tissue were prepared by compacting the frozen artery into a pellet, adding 30 volumes of 0.25 M sucrose containing 10 mM Tris HCl (pH 7.4), 100 j&M dithiothreitol, and 10 /M EDTA, and homogenizing in a Polytron ST-10 (aorta) or a ground glass homogenizer (mesenteric artery). Hearts were homogenized directly in 10 volumes of the above buffer in a Polytron ST-10 homogenizer. Enzyme assays were performed with whole homogenates or a 15,000 X g supernate.
Prolyl hydroxylase activity was measured by the tritium release assay of Hutton et al. (13) , as described (14) . The same substrate was used in all experiments. Total prolyl hydroxylase-related antigen was determined by the enzyme-immunoassay of Stassen et al. (15) . The incorporation of [3H]proline into protein of aorta and heart was determined in vitro with tissue minces incubated in Krebs bicarbonate buffer with 10 uCi L- [4-3H] proline. Incorporation of proline into total protein was determined on individual samples (10-100 mg of tissue mince) incubated for 3 hr at 370. Protein was precipitated by the addition of cold trichloroacetic acid. The pellet obtained by centrifugation was washed three times with the cold 5% acid, and the protein was collected on Millipore filters and counted by liquid scintillation spectrometry. In some experiments, aorta and heart tissue from each group of rats were pooled (100-250 mg of tissue mince) and incubated; labeled protein was collected as described above. Collagenasedegradable protein was then determined by incubating identical aliquots of protein pellets, precipitated with trichloroacetic acid, and washed with ether, with purified collagenase (16) . In this assay, a decrease in the radioactivity remaining in the trichloroacetic acid-insoluble protein, after collagenase treatment, represents the synthesis of collagen in vitro.
Hydroxyproline was measured in the whole homogenates by the method of Kivirikko et al. (17) , after hydrolysis in 6 M HCl. These values yield collagen content when multiplied by 6.98 (18) . Protein concentration was determined by the method of Lowry et al. (19) , with bovine serum albumin as the standard. Tissue sections from each experiment were prepared for histological examination. DNA was determined by the method of Burton (20) . The rats were treated as described in legend of Fig. 1 14.7
The rats were treated as described in legend of Fig. 1 The blood pressures attained during the 3 weeks of treatment were shown in Fig. 1 . The prolyl hydroxylase activities in heart and blood vessels of each experimental group are shown in Table 2 . Again, the most marked effects of the hypertension occurred in aorta and mesenteric artery, although an appreciable effect was observed this time in the heart as well. The prolyl hydroxylase levels were lowest in all tissues of those animals treated with antihypertensive agents. It is of interest that reserpine-treated animals yielded values that were lower, and in the aortas, much lower than even those of normotensive controls. The activities reported in Table 2 are expressed in terms of mg of protein. The same relationships were observed when they were expressed in terms of units of DNA.
Three other indicators of collagen biosynthesis were measured in the aortas and hearts of these animals. As shown in If antihypertensive agents can prevent the increase in collagen biosynthesis in blood vessels, can they also reverse the already increased collagen biosynthesis in hypertensive animals? The experiment summarized in Fig. 2 and Table 4 shows that concomitant with the reduction in blood pressure, reserpine brought about a reduction in prolyl hydroxylase.
As before, the effects were most marked in the aorta, and the values obtained in the aorta with reserpine-treated animals were significantly lower than in the normotensive controls. It may be noted that there was a considerable decrease in prolyl hydroxylase activity over the 9-week period. This was to be expected since collagen biosynthesis in most rat tissues diminishes with age (15, 21) . The present findings indicate that collagen biosynthesis also decreases with age in the cardiovascular system.
The effects of hypertension on vascular collagen biosynthesis were also investigated in spontaneously hypertensive rats. The onset of hypertension in this case is slower and the degree of hypertension is less than in the rats treated with desoxycorticosterone acetate-salt. These studies were also started in young rats at a time when collagen biosynthesis was diminishing. Nevertheless (Table 5) , by 8 months of age (240 days) the spontaneously hypertensive animals showed higher levels of prolyl hydroxylase activity in the aorta, mesenteric artery, and the heart than was observed in the normotensive controls.
DISCUSSION
It appears that hypertension, in itself, leads to an increase in collagen biosynthesis in the vasculature. No doubt this is accompanied by an increase in the other matrix components, elastin and mucopolysaccharide. This response to hypertension is similar to the response of blood vessels to other agents (physical and chemical) that also bring about atherosclerosis The rats were treated as described in legend of Fig. 2 (2, 24) . Increased collagen biosynthesis may also be an early indicator of the vascular lesions brought on by the hypertension. The latter is generalized, the arteriosclerosis localized to areas where the insults (pressure, turbulence) are greatest. Thickening of blood vessel walls and arteriosclerosis may be, in part, sequelae of the hypertension on the repair process of the blood vessels. The effects of chlorothiazide and reserpine on vascular collagen biosynthesis are no doubt related to their lowering of blood pressure.
The beneficial effects of antihypertensive drug therapy on the course of hypertension and the subsequent development of arteriosclerosis has been well documented (25) (26) (27) (28) . Since the formation of collagen is an important step in the vascular pathology of arteriosclerosis and hypertension, the present findings demonstrate one possible biochemical explanation for the efficacy of antihypertensive drugs in the treatment of cardiovascular disease.
